Supplementary information
The calculations of probability amplitudes. In this section we calculate the amplitudes a (t) and a no (t) for coherence and non-coherence cases, respectively. For convenience, several functions are defined as follows:
Through performing the inverse Laplace transform, the amplitude a(t) of coherence case can be written as
whereã(s) is given by Eq. (12). σ is the real number which satisfies demand that s = σ lies to the right of all the singular points ofã(s). It is readily checked that s = iδ 1(2) are branch points of a (s). Using the residue theorem and the integration contour shown in Fig. (S1), we have Here
Using the Fig. (S2) , the integral along c 3 yields
The integral along c 4 is
The integral along c 6 is 1 2πi
Using the Fig. (S3) , the integral along c 7 yields 1 2πi
In Eq. (S6), x 
By substituting Eqs. (S3-S6) into Eq. (S2), we then obtain
For non-coherence case, the Laplace transform of a no (t) can be given by
With the help of the residue theorem and complex function integration, we can obtain the expression of a no (t) as The calculations of the localization lengths l u and l l . From the expression of a (t) given by Eq. (S7), we can find that the number and characteristics of roots x
j and x The amplitude of the radiation field coming from the contribution of the upper (lower) band at a space point r can be given by
where η is the angle between the r vector and the atomic dipole vector. The above equation is valid in the far field and the radiation field is polarized in the x direction. The amplitude c u(l) (r 0 , t) can be calculated from a (t). Due to the four terms of a (t) given by Eq. (S7), the radiation field can also be written as the sum of four parts,
where the F (1) u(l) (r, t) stems from the pure imaginary roots x
u(l) (r, t) and F
u(l) (r, t) come from the complex roots x (2) j and x
u(l) (r, t) comes from the last integral terms of a (t) and always exists. If we have only one pure imaginary root x (1) 1 = iy 1 (y is a real number), F (2) u(l) (r, t) and F (3) u(l) (r, t) will be replaced by zero, and F u(l) (r, t) = F (1) u(l) (r, t) + F (4) u(l) (r, t). Here, we only discuss the case of having only one pure imaginary root.
The term of a (t) related to the pure imaginary root x 
